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(54) Title of Invention: MANUFACTURING APPARATUS OF POLY CRYSTALLINE 
SEMICONDUCTOR FILM 
(57) Summary 

[Problem to be solved] To provide a laser annealing apparatus by which a poly- crystalline 
semiconductor film obtaining a transistor with high reliability and no characteristic 
variation is formed by preventing an impurity from mixing to the poly-crystalhne 
semiconductor film and reducing projections in a grain boundary portion of 
poly-crystalline silicon in forming the polyciystaMne semiconductor film by a laser 
annealing method. 

[Solution] A manufacturing apparatus of a poly-crystalline semiconductor film by which 
an amorphous semiconductor film formed on an insulating substrate is crystallized by a 
beam annealing method, wherein a local shield is equipped around the laser beam which 
controls an atmosphere on the surface of the substrate irradiated by a beam when a 
laser beam is irradiated to the amorphous semiconductor film. 
[What is claimed] 

[Claim 1] A manufacturing apparatus of a poly-crystalline semiconductor film by which 
an amorphous semiconductor film formed on an insulating substrate is crystallized by a 
beam annealing method, wherein a local shield portion is equipped which controls an 
atmosphere on the surface of the substrate irradiated by a laser beam when the laser 
beam irradiates on the amorphous semiconductor film. 

[Claim 2] A manufacturing apparatus of a poly-crystalline semiconductor film of claim 
1 wherein said local shield portion is constituted by a material through which said laser 
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beam transmits, and in which an introducing port for receiving said laser beam and 
introducing an inert gas is provided on the upper face, and an exhausting port for 
exhausting said inert gas is provided on the bottom face. 

[Claim 3] A manufacturing apparatus of a poly-crystalhne semiconductor film of claims 1 
or 2 wherein a forced exhausting port portion for exhausting forcibly said inert gas on the 
surface of the substrate provided on the side of said local shield portion, and an ah 
curtain portion for masking the substrate region irradiated by said laser beam with said 
inert gas from the air provided on the outside of this forced exhausting port portion are 
equipped. 

[Claim 4] A manufacturing apparatus of a poly-ciystalline semiconductor film of any one 

of claims 1 to 3 wherein said exhausting port of said local shield portion of which width is 

wider than that of a ray flux of said laser, and of which length is longer than that of the 

ray flux of said laser. 

[Detailed Description of the Invention] 

[0001] 

[Field of the invention] The present invention relates to a manufacturing apparatus of a 
poly-crystalline semiconductor film manufacturing the poly-ciystalline semiconductor 
film by irradiating a laser on an amorphous silicon semiconductor film formed on an 
insulating substrate. 
[0002] 

[Prior art] Various technologies forming a poly-crystalline silicon film on an insulating 
substrate such as glass, quartz, etc. has been researched for the purpose of 
manufacturing a liquid crystal display (LCD) having a thin film transistor (TFT) 
integrated with a driving circuit in which a peripheral circuit is formed on the same 
substrate with a high definition liquid crystal display. 

[0003] The driving circuit and the thin film transistor (TFT) mentioned above are formed 
with this poly-crystalline silicon film. Above all, a laser annealing method is known 
that a laser beam with uniform intensity is irradiated to the face of an amorphous silicon 
semiconductor film formed on a glass insulating substrate to dissolve and recrystallrze 
silicon. This laser annealing method has been researched actively because of a merit 
that low-priced glass can be used and a thin film transistor with high mobility can be 
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formed etc., because a thin and long beam pulse of which short axis direction is a 
scanning direction is used so that silicon is heated and cooled down in an instant and a 
glass substrate is hardly affected thermally. 

[0004] A laser annealing method also has a merit of forming poly-crystalline silicon by 
ciystalhzing the large area amorphous silicon thin film 13 for a short time by the 
following way that a linear laser beam 12 is formed and is irradiated to an amorphous 
silicon thin film 13 formed on a glass substrate while scanning in the direction of the 
arrow along the short axis direction as shown in Figure 5. 
[0005] 

[Means for resolving the problems] However, the poly-crystalline silicon formed by this 
method is very sensitive for the surface contamination of the amorphous silicon 
semiconductor film. Besides, when the laser annealing is performed in the air, oxygen 
in an atmosphere is melted into silicon and segregated in a grain boundary portion of the 
poly-crvstalline silicon, and the volume of silicon expands by being oxidized, 
consequently the height of a projection on the surface (unevenness of the surface) of the 
poly-crystalline silicon is increased. If the height of the projection is increased, covering 
of a gate insulating film is lowered, and the reliability of the gate insulating film is 
lowered because the electric field concentrates on the tip of the projection. In order to 
prevent this, a manufacturing apparatus of the poly-crystalline semiconductor film 
wherein a laser annealing is performed in vacuum has been designed and used. 
However, there is a problem of very high costs because this conventional manufacturing 
apparatus needs to provide a chamber. 

[0006] The present invention, is accomplished in consideration of above circumstances, 
and has the purpose to offer a manufacturing apparatus of a poly-crystalline 
semiconductor film wherein the poly-ciystalline semiconductor film as low-priced and 
excellent as possible can be manufactured. 
[0007] 

[Problems to be solved by the Invention] A manufacturing apparatus of a poly- crystalline 
semiconductor film by the present invention that crystallizes an amorphous 
semiconductor film formed on the insulating substrate by a beam annealing method is 
characterized in that a local shield portion is provided which controls an atmosphere on 
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the surface of the substrate irradiated by a laser beam when the laser beam is irradiated 
to the amorphous semiconductor film. 

[0008] Besides, said local shield portion can be constituted by a material through which 
said laser beam transmits, and in which an introducing port for receiving said laser 
beam and introducing an inert gas is provided on the upper face, and an exhausting port 
for exhausting said inert gas is provided on the bottom face. 

[0009] Besides, a forced exhausting port portion for exhausting forcibly said inert gas on 
the surface of the substrate provided on the side of said local shield portion, and an air 
curtain portion for masking the substrate region irradiated by said laser beam with said 
inert gas from the air provided on the outside of this forced exhausting port portion can 
be equipped in constitution. 

[0010] Besides, it is preferable that the width of the said exhausting port in said shield 
portion is wider than that of a ray flux of said laser, and length thereof is longer than 
that of said laser. 

[0011] According to a manufacturing apparatus of a poly-crystalline semiconductor film 
of the present invention constituted in this way, contamination due to impurities in laser 
annealmg can be prevented because an atmosphere on the surface of a substrate can be 
controlled by a low-priced apparatus, and oxygen in a grain boundary portion is 
prevented from segregating by controlling oxygen partial pressure to the prescribed 
value (for example, not more than 0.1 Pa) to reduce the height of projections on the 
surface of the poly-crystalhne semiconductor film, consequently an excellent 
poly-ciystalline semiconductor film can be obtained. 
[0012] 

[Embodiment] Hereafter an embodiment mode of a manufacturing apparatus of a 
poly-crystalhne semiconductor film by the present invention is explained referring to 
Figures. 

[0013] (The first embodiment mode) Figure 1 shows the first embodiment mode of a 
manufacturing apparatus of a poly-crystalhne semiconductor film by the present 
invention. The manufacturing apparatus of this embodiment mode comprises an 
excimer laser beam source 6, an optical lens 7, a local shield portion 9, and a mirror 15. 
An excimer laser beam 8 generated from the excimer laser beam source 6 is reflected 
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with the mirror 15, subsequently is sent to the local shield portion 9 through the laser 
optical lens 7. Also, the laser beam entered into the local shield portion 9 is a ray flux of 
which cross section is a long, narrow rectangle shape. The local shield portion 9 is an 
empty box made of a material transmitting the laser beam as shown in Figure 2 wherein 
an introducing port 10 for introducing nitrogen gas or the treatment gas containing 
oxygen with the prescribed concentration and of which main ingredient is nitrogen gas is 
provided on the side, and an exhausting port 9a for exhausting the above treatment gas 
is provided on the bottom face. This exhausting port 9a has a long, narrow rectangle 
shape, it is preferable that the length of the rectangle is longer than that of a ray flux of 
laser light incident on the local shield 9, and width thereof is wider than that of laser 
light. Besides, the treatment gas introduced into the local shield portion 9 through the 
above introducing port 10 is adjustable in flow rate by a flow rate adjustmg means which 
is not shown in Figure. 

[0014] Next, an operation of a manufacturing apparatus of this embodiment mode is 
explained giving an example of the case of manufacturing a poly-crystalline silicon film. 
Figure 3 is a cross sectional view of a semiconductor substrate on which an amorphous 
silicon film is formed. First in Figure 3, a SiN film 2 and a SiOx film 3 are formed in 
order as undercoating layers by plasma CVD method on an insulating substrate 1 made 
of alkali free glass for example, and then an amorphous silicon film 4 is deposited as an 
active layer. Subsequently, the whole of the substrate on which this amorphous silicon 
film 4 is formed is annealed at 500 °C in an atmosphere of Na for one hour to reduce the 
concentration of hydrogen inside the amorphous silicon film 4 to the prescribed 
concentration. 

[0015] Next, this substrate is set in the manufacturing apparatus of the present 
embodiment mode shown in Figure 1. Nitrogen gas is introduced into the local shield 
portion 9 from the introducing port 10 to control the atmosphere on the surface of the 
substrate 1. For the purpose of reducing projections on the surface of poly-crystalline 
silicon, it is proved from the result of the experiment that it is necessary to adjust the 
flow rate of nitrogen gas so as to control oxygen partial pressure not more than 0.1 Pa. 
An excimer laser beam 8 shut from the excimer laser beam source 6 enters in the upper 
face of the local shield portion 9 through the mirror 15 and the laser optical lens 7. And 

5/9 



then, the laser beam 8 entered in the upper face of the local shield portion 9 goes straight 
on the local shield portion 9, and is irradiated to the amorphous silicon film 4 through 
the exhausting port provided on the bottom face. 

[0016] In the present embodiment mode, the long, narrow laser beam 8 is formed with 
the excimer laser of which wavelength is 308 nm and pulse width is 25 nsec, and a 
poly-crystalline silicon film is formed by annealing the amorphous silicon film 4 by laser 
with the substrate 1 scanned so as to be irradiated 20 pulse per one spot by this laser 
beam 8. The laser annealing is set in 280 mJ/cm 2 of the irradiating energy density. 
Also, the laser beam can irradiate with the glass substrate 1 of an insulating substrate 
heated. Besides, the scanning direction is the direction of the short axis of the laser 
beam 8 in the same way as the conventional technology. 

[0017] As shown in Figure 1, because the local shield 9 is equipped in the manufacturing 
apparatus of the present embodiment mode, an atmosphere on the surface of the 
amorphous silicon film 4 irradiated by the laser beam can be controlled to the requested 
atmosphere so that contamination by impurity in laser annealing can be prevented. 
Also, by controlling oxygen partial pressure contained in nitrogen gas to not more than 
0.1 Pa, oxygen can be prevented from melting into the polyxrystalline silicon film 4, and 
oxygen in a grain boundary portion is prevented from segregating in order to reduce the 
height of projections on the surface of the poly-crystalline semiconductor film, 
consequently the transistor with high reliability can be obtained. 

[0018] Besides, because the local shield portion 9 is an empty box, the manufacturing 
costs are not expensive, consequently the manufacturing apparatus of the 
polyxrystalline semiconductor film as low-priced as possible can be obtained. 
[0019] As explained above, by the manufacturing apparatus of the present embodiment 
mode, the polyxrystalline semiconductor film as low-priced as possible, and with 
excellent characteristics and no local variation of characteristics caused by impurity can 
be obtained, 

[0020] Besides, instead of introducing nitrogen gas or gas of which main ingredient is 
nitrogen gas as a treatment gas from the introducing port 10 in the local shield portion 9 
in the present embodiment mode, other inert gas besides nitrogen gas can be used. Also, 
instead of providing the introducing port 10 on the side of the local shield portion 9 in the 

6/9 



present embodiment mode, it can be provided on the upper face. 

[0021] (The second embodiment mode) Hereafter Figure 4 shows a constitution of a 
manufacturing apparatus of a poly-crystalline semiconductor film by the present 
invention. The manufacturing apparatus of this embodiment mode is constituted by 
forced exhausting port portions 21 and 22, and air curtain portions 23 and 24 provided 
on the manufacturing apparatus of the first embodiment mode. The forced exhausting 
port portions 21 and 22 are rectangular parallelepiped empty boxes provided respectively 
on the side of the local shield portion 9, and of which structure is that the whole of the 
bottom face is an inhaling port for inhaling the treatment gas (nitrogen gas or gas of 
which main ingredient is nitrogen gas), and an exhausting port for exhausting the above 
treatment gas is provided on the upper face. 

[0022] Besides, the air curtain portions 23 and 24 are rectangular parallelepiped empty 
boxes provided respectively on the opposite side of the local shield portion 9 on which the 
forced exhausting port portions 21 and 22 are provided, and of which structure is that an 
introducing port (not shown in Figure) for introducing the treatment gas is provided on 
the side or the upper face, and an exhausting port for exhausting the above treatment 
gas is provided on the bottom face. Consequently the periphery of the region of the 
amorphous silicon film irradiated by the laser beam through the local shield portion 9 
can be screened from the air with the treatment gas. 

[0023] In the manufacturing apparatus of the second embodiment mode, because the 
forced exhausting port portions 21 and 22 for exhausting the treatment gas near the 
surface of the substrate forcibly and the air curtain portions 23 and 24 are provided, an 
air current inside the local shield portion 9 can be controlled easier in comparison with 
the first embodiment mode so that oxygen partial pressure on the surface of the 
substrate can be reduced easily. In the present embodiment mode, nitrogen gas is 
introduced into inside the local shield 9 and the quantity of exhaust is adjusted to set 
oxygen partial pressure on the surface of the substrate for not more than 0.1 Pa. 
Nitrogen gas is used in the present embodiment mode though, other inert gas can also be 
used. 

[0024] As explained above, more excellent poly-crystalline semiconductor film can be 
obtained by using the manufacturing apparatus of the present embodiment mode than 
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by using that of the first embodiment mode. Also, the manufacturing apparatus can be 

as low-priced as possible in the same way as the first embodiment mode. 

[0025] 

[Effect of the present invention] As mentioned above, according to the present invention, 
the poly-crystalline semiconductor film as low-priced and excellent as possible can be 
manufactured. 

[A brief explanation of Figures] 

[Figure l] A figure showing a constitution of the first embodiment mode of a 
polyxrystalline semiconductor film by the present invention, 

[Figure 2] An oblique view showing a constitution of a local shield portion concerning the 
first embodiment mode. 

[Figure 3] A cross sectional view of a substrate on which an amorphous silicon film is 
formed. 

[Figure 4] A figure showing a constitution of the second embodiment mode of a 
poly-crystalline semiconductor film by the present invention. 

[Figure 5] A figure showing a beam scanning method in forming a poly-crystalline 
semiconductor film from an amorphous semiconductor film. 
[An explanation of marks] 

1 glass substrate 

2 SiNfilm 

3 SiOxfilm 

4 amorphous silicon film 

6 excimer laser beam source 

7 laser optical lens 

8 laser beam 

9 local shield portion 
9a exhausting port 
10 introducing port 

12 linear laser beam 

13 amorphous silicon thin film 
15 mirror 

8/9 



21, 22 forced exhausting port portion 
23, 24 air curtain portion 
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